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DEVICE FOR DISPLAY DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To enable an output voltage 
to quickly follow an input voltage, without increasing 
current consumption in a voltage follower circuit 

SOLUTION: The voltage follower circuit Is provided with 
a first differential stage 101. a P-type transistor 211 
for outputting a current to an outer part, in response 
to current change in the first differential stage 101, a 
second stage 1 02 having an offset voltage with respect 
to the first stage 101, an N-type transistor 214 for 
drawing the current from the outer part, in response to 
the current change in the second stage 102, an N-type 
transistor 215 as a constant current source, input 
terminals for inputting the input voltages after the 
connection of the positive phase input terminal of the 
first differential stage 101 to the positive phase input 
terminal of the second differential stage 102 and an 
output terminal for feeding back the output voltage 
outputted from the P-type transistor 211 and the N-type 
transistors 214 and 215. after connecting them to the 
negative phase input terminal of the first differential 
stage 101 and the negative phase input terminal of the 
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% 1 saa 1 o 1 mi igat)» i o i 
2 1 1 <5:. ^1 sasi o 1 rc3ttLr7i-3?-trt/ hm 

rnmas:! o i(DiEffiA;^dS^^^2l&aj»i o 
2(DjE«A*ii^<t«>@|:&A<ma$tLT. A*«ffi^A 
*5?n«iA*SaTi:. Pah^>:^X^2 1 1, NS K 

^>-:^x5»2 1 4fc.*:o:NSh^>-:;x^2 1 5A<m« 
SfiSl O 1 <Da»iaA;^3dffl^«!:^2liaSl O 2<oa>«A 



A^b 
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ffi f c ai :^ -r i) m 3S j» tii ffi <t . 

-tern 1 siasfc «fe u^-tssm 2 naao) ^ 

•r -6 ?K;u^— V :? a T@»o 

*^tL^) h^>i?X^T'fc^C^:^1^«i:-r*S*«2 
E«t (D TKiUT- — :7 3*- n T isl^o 

^l^tLT, JiE«35!i5caiaJ^/cttJiES3£?l^ii^ap 

[^^las] jiEA*mKtJiEas:^sff4t**SLM-s 

n^:oTl^^lSfal«Bra^c^5t^T. -hEai*«EA<JiEA* 
mffj: JiEmaS&aigBi^Sfef^L. ±E 

aj*«EA<jiEA*mttct y:*:^L>Js^tt. jiEmss?! 

[O O O 1 ] 

^FS^sffl sasisrcii-r ^ t © ^ fc -5 o 

(O O O 2) 
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[0 0 0 33 0 7fc. 2&«iJii*glsIK^fieofc;K;u^-i^ 
aj*mffA^A^maicifi?jfeL. 

-So 

10 [0004] ® 7(D7K;U^— v^^^l-DTlilK^ h^>i> 
•To 

[0005]®8tt. PS<D h^>i?X^-e|fea6a(DA 
rtjfiPl 1 0 6. 1 1 O7^««tLfclltt«J*S0K<7>fflr' 

[O O O 6] ^«3535<t LT<DPa h^Vi^X^t 1 1 O 

^ 1 1 O 3fc(i^^3£ I A?3£;h,^o NMH^>vX^i 

20 y, 3t«aE I «* I a t I bi:lc«^ffl$tt^o 

[0 0 0 7] :t;SStiJt|i{€@l^(om^»(^. »ai5<t L 

Xm< PMh^V^l^X-S' 1105 (M^@K<tLrf^ 
ffl) h^VvX-Si 112 1 ^T*«lB£$Jt^Tl^ 

[0 0 0 8] as^sg^tt. iiKis<7)A*ap^«tji£-r^- 
:^cD2»4eA*ag:?- (pm h^vv^x-^ i i o 7<of— 
h) tmm^tL. 4,^-^<DiE4aA*as^ (PMh^> 

i?X^1 1 0 6<D>r— h) A<A*Faa^^3&y. /t?;U5^— 

a r SK^^SfiS LT t^>&o 
30 C0 0 0 93 :*:IsJK(*. A*«sbT(D«EV i n <bttS:^«g 
TCO^ff V o u t ita)il^6< 
V i n < V o u t (OJf^r 

^>t?X^ 1 1 O ati^lS^ 1 O 9 6<:i*-:7f -S^IollCfnl 

h^Ve^X^ 1 1 2 1 A^^i-^-T'S^l^i'^^y, NSh^ 
VCJX^ 112 1 fcgS;K'5)m3S6<^ <'tf V o u t CD 
«iittT6^>5o ^(D^*. V i n=Vou t <D«^altC«l 

40 [0010]yin>Vou t<D«^ 

! a<l b<!:>:^y. tH-O b A(DmiiLit±t<y) . h 

^>^;x^ 1 1 o 8*sj:i;i 1 o 9 6<5^>-r^»^rfil^w^Dl 

h^>-::;x^ 1 1 2 1 A<;*-3?-r^^ifii<t3tfy. nsk^ 
>'Px^ 1 1 2 1 ic3£tt^m353b<ij^'^<? <nf y. P^h^ 

>v>x^ 1 1 o 5 (7)3£r^«32fc J: y V o u t (Dmiiti 

-hA^-S. ^(Omrn. V i n=Vou t <D«SBfC«|3^-r 

[0 0 1 1] C(0<fc^fc. :^U>h5^— !5]l^f::S£:h.^ 
50 m3£l at\ b^(Dm32/<^>X(c<J:y. A:^mEii^ 
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[0 0 1 2] ^mmmmn<D^mi^(Dx^B^r^mo>h 

[OO 1 3] ^m3£35<»: LX(DNSh^>-:>X^ 1 20 
2 0 8. 1 20 9T'mfiJt$tt^:^U>h5^— lHlKrc«fc 
rfi!l< h^>v;?.'> 1 2 O 5 (m^^[slK<t LTflf 

ffl) pmh^>i>:^^ 12 2 1 <t-e«l^$;h,rt^ 
coo 1 5] ffi^ag^tt. 2ii&Sfl!)A*ffl$«ia-r^— 

[O O 1 6] *(slKtt. X:tl4i^<D«ffiV i n tlh^m 
V i n>Vou tOma 

^>V?X^ 1 2 O 8l3J:tf^1 2 O 9 6^^:7^" 'S^fSjfClpI 

h^Vi^X^ 1 2 2 1 A<:t>r*:^rfi3«tnj:y. PSh^ 
>i;x5» 1 2 2 1 rc3Ett*tt356^^<?'.Ey, Vout<D 
mfitttJtA<^io V i n=Vou t(35ttSgfCfl| 

(0017]Vin>Vout (Diid- 

I a< I b t^fy. 7K>r> h AcDmttttTA^y. PMh 
^>':>x^ 1 2 o si^xxs^ 2 o 9 6<5i->-r'5^r^fcfn| 

> vX^ 12 2 1 »c3£tt^S35A^'>':f < '^.f y . NS h ^ 

>vx^ 1 2 o soa-fsaisicj: y V o u t (Dmiat* 

TA<^o ^<0^m. V i n=Vou t (DttSI^::^ii^-r 
I0 0 18] C(DJ:^rc, :^U>h5^— lUKfcSSti.^) 
at I btCD«35/<^>Xfc«ty. AltJmfft^ 

Coo 1 9] nm^l 1-24252 8-^^ffifC(*. J£l 

-r^oiz. n^)\.^—i>y7tarmm^ 30 ^<Dih^tm 

m\/DDt<0mzNm<0h^>i>:^^NMOS 1 A^fiCt 
aSiltGNDtCOraiCPS<Z) h^>*:^X^ PMO 
S It^Wf^tlX^^J. ^n^'ttO h^Vi^X-^CD^- 
htt. 7t^;UT"— v>37;j-OT(sIKl 3 O 1 (DA^DfcmS^ 
tiXl^^^ ?KiU^— i?3?;!-DTIsl»1 3 O 1 (DA^tiii 
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-act ii«<D5t?JU^— :>3?^PT|sIK(Dt!jf*i: 

L>-mA>6<3<->L. as*tA*i:<r)«ff^$3tP<-rcfc^ 

[0 0 2 0] Jiiasi o^D^fi£^c^L^r^* h^>v?x^ 

10 01 1 (D<ifig-ett. gtniSR 1 2. R 2 1 <t/C«fe y. h 

^ > vx ^ <D^— h izmt^^ms. 1 7K;u^— V? zfitny 
g|%1 3 O 1 (Dai*mffii:(DrafcL#t>fitmffV t hS 

C o o 2 1 ] JiES 1 1 om^xi^^ ^ h ^ >':^x^ p 

MOS 2^J;t^NIS/IOS 2(D^L$l^il%£V t h (^SH 

3e^«:fc^yf#t»o$A<±i:^o «m«Ri 2-v>teK« 

R2 1 rcJ:^«ff»T6<L^L>ffi«ffV t h ^jgitr L 
^^I*. PMOS 2fcJ:t;:NMOS 2 ^t/hUX^fcSia 

S35A<3£:h,'2>c:ifc)tf^»o fgtitSR i 2A?>«a;S 
20 R2 1 ^cJ:*mEE»TA«L#t^ffll«EEV t h$^?<T 

Eltttf. V i n=Vou to^mzw^-r^oiz^fSit: 
o:r2 1 (Dfis^u— Htf— hu sv^sp-egg^-r^Av P 

MOS 2a5'6l^{*NMOS 2(D^-V^;t^i|tfC-<;if->;^ 
. A^frlV L^t^ffiBEV t h $|||ffi-r'6(e^ll6<fc^o 
CO O 2 2] 

v i n = v o u t (D^^f^Sg-rrl*. pM 
30 h^>"xX'$' 1 1 o S(Of— hfcffi*D$tt'5)/<Y7'xm 
(^mffVBP) fc<): y^^$^;h.^^m3^A<5Stt-Ct^ 

CO 0 2 3] Bniaa)J:^fC. ^m3Stt^B#3gttri>^m 

K$ ftf^ ^F-fr ^» :i it A<«>fia«*1t(0 ^ ^r*»^ L ^^c 

C00241 CZT'. — figfC. a3*®<7)NM h^>vX 

^112 11*. 5i->r>6-ttcj;-pr. ^attaKDmsS 

40 fc. Sti-fcJ:y^a)m3£filttS3ti:^) o 

C O O 2 5 ] ^<r>f-lh. V i n < V o u t <7>^^(i. fl 

^<D^^{zt^^h^>\>7.^ 112 1 <D3S-rm3SiCcfcy 
z^ttz^i). ^^»tts§ttt^-r*xf-K$a<-r*c 

coo 2 6) LA^U. V i n>Vou t a)«^tt. 
a)J:^fcpah^>-:^x5' 1 I0 5a)35-r«35 (^m 

50 (ciii^e(D^m3£^4'^'*<-r^i<t^(cs^-r^t, s£-r 
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-5 X tf- F A<S < o r L ^ 5 o 

[0 0 2 8] H9fc^-riHiK<o««-tPi4i-efe«>o -ru 

T' ^ -5 1£ l-f '>tE l^SmSS t ri&l!lii*g@K ^ aSf^ $ -frfc 

psh^>i?x^ 1 2 2 1 (D3S-rm35fc«t 

^mtzt&f^-t^V \ n>\/ oij tom-^lzit^. NMh 

^>iJx^ 1 2 o sco^rmm^izj: ijm^^miz^^ 

-r-SV i n<Vou t<D«1&(*. ^sj«siic*t2^-r^x 

[0 0 2 93 C<D<fc^fC. l5lK(0®lf^xe-K^±lf'5> 
[0O3O3 *^^^fi. JiEHS^f::^^'ii:?*tfc=t(D 

[003 1] 

±f&m^Wii^m. «3S^i$>&^8p^<^ 
2^stisa)a>fflA*sg^i:i::*§iS$tL<&aa*ai^Fi^ffi 

coo 3 2] JifficomfiSclc^ tii;bmEEi)<A:timff J: 

[0 0 3 33 Lfc6<or, aS*«E3&^A*«ffi<t:y 4>'h 

t ^^i ^ *3 t;^::*: I >it ^ CO t ^-r tt (0 ti ^ I' fcu >T t . 
A:^me<?:ai*«ff<tA<^L^^s«ttB^ca5^^ag^^c^ 
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m3iUi)^i^^^^mm^^:k,^<LU<x^^ safest. 
•^^mizm^^-^^^tii<X'^i>o tnrp^^ m^m^ 

[GO 3 43 jLum2^9hmi^. jiemiSi&stc^L 

XT^y-^v hnE^n'DXl^i>fziib. ^««al/ctt^L 

[0 0 3 53 rut>*>. as:bSfficD«iiifcjtLx. mss 

10 ^tiiBii<+^t6i:t:?i^mzU-z>xt^h^^ -tE=i-^-ti^y H 
:&*<+»5|->*C3tf ^ .fc ^ 3&:a5*mE|gffl3&^« L^f t^ J: 

S£±^c3^ :7 fzJti: o r t» ffe*A^3*- v^ra^^-ra AH * 
[0 0 3 63 ^fz. :^m^<07^)i^^—iyZ?^aT^^ 

[0 0 3 73 ±fR(ommtz^y)^ .tSBmmsba^ma 

3^^:ort^^o 

[0 0 3 83 LfcA<or. <i:yfw^^cf«lKEr% JiSsmi 
30 l&S&S^-hElg2 2ia©<t<D^f:i7t-:?-b'y h«ff^1$fc 

fti^r. j:yffiii>siiijar'. «3^#t^&ap^c^5L^rlgK 
[0 0 3 93 ^fc. :^nm<on^ji^^—i>z^^oT^^ 

I*. ±8B(D8i«lrJiix.r, JiKT-V^iUiR^/ctt^v:?^ 

-h«EjEffiA:tl4ffiT^frttJfi4iA:^^^(7>^A^>d: < <t t-o 
t<^-y^izXtit^tii> V'^>i>:^^x$>^^t^nmt 

Lrt^^lo 

40 [0 0 4 03 ±IR<Dm^tZj:i}^ JilB^-V^^JUfi^fctt 

^V^;ui|iiCD'>3^i:< <!:=i-oAWd:ort>'5) h^>v^X 
-tIBiE«A:tidg^*fcl*a»«A*dS^a)'>?^j:< 

I004 1 3 Lfc6<or, ckyfSi^nf«fi£r% Jicmi 

Sa®<tJiffim2ll»i©<t<oraiC7|-:7-try hmff^l*fc 
50 in^r. ctyfa^^flS^r, S«3£«t&e5^c^>t^r0K 
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[0 0 4 2] *fc, *f6BH<0/t?;uT— v^:7:faT!iIK 

[0044] Ltzt<-DX. ^^ttft|(cfclt>Sm35(D3Stt 
[00 4 5] :*:^aBa)7K;U^— v^Jt-DTlU^ 

Krom^-^Sftf ^ <*: y fSj^^bf C <!: /)<T' ^ >5> o 
[00 4 8] ^tc. :4s:%q^a>^^SISffifS»lSIS»:. Ji 

[00 4 9] ±E<Dm^fcJ:y. JiE(0«lrit«);K;ui^— 
[00 50] L/cti<oT. £^|g'?-l£Stim£#^|glilK'^ 

[005 1] tjifi^ is^-^e— sr^x^SilHi 
mt±tzm^(o^^^(nn^mt{z^cxn^^9VBiz 
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tLx<om3<o\iiti^^mL. jiEmi (DSSis^jiE 

m2(Dl^itl®<DiE4eA:tll^^6^^A*mBEfiI^A*L> 

jiEas:ti©(omfffii^jiEm 1 (o^wiSLt±um 2 ton 
3ti»(Oia^«A:^fii'?-fc@s$#^ig5i)idit@ini%r'mfie$ 

®)^<tJiE^2(D5^®i©itl*S^fi);r:?-by hma^f* 

[00 5 2] ±U(OmjAizXtHt. A*«E<tai*«E 

10 it(D/<^>xA^|f1bUfcJi^. f (*A^< A:bmafcifitj!fe 

[00 5 33 -tUt^-^^ A*i:ai*i:<D/<^>XA<i:(D 
X^-eai;b^SgS6U3tft><):^fc. ^.tltm^t<D/<'y> 

[0054] Z(Ot^. ±E2 5^tt(D2ia!ia<7>[HlK^I^ 

— tHi^-e^Sfig-r^A^ =&>5r(Da5:^s^iaLr. miio^js 

[0055] C(D3i-:7-by hlcj;y, >!t-:7-b'y hfllffi^ 

[DO 5 63 ^fc. -(g^-Vkf-^VX^^Isl 
^itLT. _bE«fiE^c^>t^r. ±Emi Q2li&©ctJiE 

[00 5 73 ^fc, 5r>x3Egi@ 

40 Ki:LT. ±E«*:ifcl>r. ^ V4^;ui5:^fc(*^ 

fflA^Si^A^^— hlcA^-r-S h^^i^X^'-efe'SJ;^ 
[00 5 83 ^fc. «W'>tf-'S'^>x3Efe|Hl 

K<tLT. ±Em^^c^>t^r. ^^4^s^:lfe^^r^*. _h 

Em3CDai:^SeM^<t LT. -tElgl (Daj:^®3b^J:E 

m 2 (Dtii^ecD t^■r4^A^-:*<z)^af^■r <fc ^ izmf& l 
[00 5 9] ^fc. is-r >e— ^>x^si@ 

50 ^itUT. ±Em^lcfcL^r. JiEA:^ma{ii4*L<(* 
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mfffil J: y < ^^b Lfcii^(±±8Em 2 (Dtil *S/)^»if^ 

to 06 1] ^fc. *^^(±. #*frmsi[sl%<t Lr. 
^S!)©<t£H:^S^rCcfcy. A:timff/cit-^Ttfc:bmEA< 
y (ft t ^S35 ^ ora fcS:«tfcEIK ^Sbf^ L t > J: ^ rc-r i 

xthtj^mt<m<^ji'Dfzm^izit. mtitmtimE.^^) 

^m^SSct: y;€l>«l$<b<;>Ra(cfi:ltfcglK$5&f^L^.j: 

t^J:^^C-r^¥S:^^»:^fc. ^ 2 (DSSbSi: ai:*iai:<z> 

[GO 6 2] ^fc. LT, 

«^^t>-y-© if t» ^ aft L L ^<fc ^ fc-r * C ^ 

fc^fey. mi «»:m2C0ai:^e«c3Stt'SS®m3£^K&ih 

m'^wmz^^jmt}^^n-ri>xotzm^i.x^^ 

IK 

[GO 6 3] *fc. *f§?B«:. ^mi^mm^nti^x. 

/» ^> <fc ^ L r t» <*: t ^o 
[O O 6 4] 

—mmiz'^l^xm^^^xsm2lzm':5l^xmm■ritltt. 

feiT<Diiy-C&*„ 

[o o 6 6] mi HS&S: (fiKasm^SaS) 1 g i (;^, V 
— XA<|$lfemEGNDrro/j:A<y. h6<. /^^'rx 
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O/j:3&<-6NSh^>e>X'?2 0 5i:. NMh^>V?X^ 
2 G 505 KU-<><i:&>!7 V— AA^O/rf:6<-6NS 

2 o 3 it 2 o 4 ^ fc cfc y A*aJ«t Lro2l®iA:*3lsl 

^>i;x^2 0 3<t 2G4(OKU-r>fC|ffi8L, 
LfcP^ h^>v?X^ 2 O 1 <t 2 O 2i!:(c<|: y* U> h 
[G067] S«lA*0Ka)NSh^>i^X^2 O3<0 

10 h6<A:^a itT^fy. NSh^>v;^^2 0 4(D^— 

hli. A*a A<>r- hA:^<h^»:^N^ h^>vx^ 
2 O 3 (0 K U-< V'^fStt^ttrtV^o 
[0 0 6 8] ^21^56® (?l^i2.^ffi3&KlS:) 102 

?i6^-SNa h^>i?:^^ 2 1 Gi:. NSh^>^>X'?2 

1 ocD Ku-fV^^^Jrv— xi^OJ^fA^^NS! h^>v^x 
^ 2 O 8 i: 2 O 9 i: ICJ; y A:^®^ LTiDllKiA^IsIK 

^i^xa* 2 O 8 t 2 G9(D KU-f >fC|gttL. «-^<D<f 
-h^SlMz|$«|L. V-X^m35 (Vdd) /cl^JSL 
fcP^ h^>v^X5» 2 O 6 it 2 O 7 <tfc«t y * U> h S 

^—mm^m^i^xi^^. 

[0 0 6 9] S«lA*lHl»a)NS h^>i^X$t 2 O 8(0 

<f— hi^A:tia <tJti:y. NM h^>'::?x^ 2 o 9(D<r— 
hj&<A*b 4titj:ori>^)„ ^fc. :^iu>ha^— lslK<7) 
htt. A:tlb6<>f— hA*i:3:i:^Nah^>i>X5» 

2 O 9(D K^-<>^|$fil^?:t^Tt^^»o 

30 [0 0 7 0] mill®ie:i oi(7)A*b6<y-hfcA:t) 

$tt^N^ h^>v?X^ 2 04<D KUOit. PMh^ 
>-:;x^2 0 2(0KU-<>i. «3iEtt!4Sa5^Lr(OPS 
h^>e>x^2i 1 <7)>r— hj6<5LMco?d:A<orfcy. 
PM h^>i^x^ 2 1 1 <DV— X(*m35 (Vdd) fzr? 

[0 0 7 1] m2||»ei G2(0A*aA<^— hIcA* 

$n^>NM h^>t/X^ 2 O 8(D KU-Oits PMh^ 
>-xX^ 2 O 6(7) KU-r PMh^>i:>:X^ 2 1 2 

(oy— h*<st^fc-^3t^36<orfcy. PSh^>*:?x^2 

40 1 2(DV— X(*m35 (Vdd) iz-Otjit^y). KU-<>f* 
NM h^>i^X^ 2 1 30)^— hj3J:l^ KU-<>. I3ct 
U^ffi3S?l$i^*^fiP«t LT(ONMh^>vX'Si 2 1 4(0^ 
— h^C-^3tj:6<-^rt^i>o NS h ^>e^X^ 2 1 3, 2 1 
4(DV— XttGNDl::o^j:3e)<y. NSh^>*:^:^^2 1 
4(0 KU-r >t*ai:^fzo7ii:A<ori^io 
[0 0 7 2} ^fc. ttS^f::!*. fia2(OSmff35 V B N A< 
^— hlco/*6<^>t i:4»fcV-Xi<GNDit3ti:>5. 
2S#tlSa5it LT<0NSh^>v?X^2 1 5(0KU'<>A< 

50 ( O O 7 3 ] A:ti a 6<iS^ffiA;b$ffi^T'fe y . A^ b 3&<jE 
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CO 0 7 4) @2(C. 01(DI3K^. a3*^A*afC» 
[0 0 7 5] 

h^>vX^2 1 1 tNMh^>V^X^ 2 1 4^^ili: 
T3£tL-S. m35<i:GNDi:(7)rp1<Dm3£^R^Cfc4r), ^2 

SftSi o2rc:i-:7i?r:; ht^#fc-arr*j<o p 
ah7>i?:^^2 0 6<D^'V*ii4ii^tt<-r^/i^. 

C00 7 63 CHfCfcy. Pah^>i;x^J 2 O6<0U 
^t^||«ff(*ffe<0 PS h ^ iritis LT^^ < R 
^$tt. h^>vX^ 2 O 9<0L^^^filmK 

ttffe<0 h ^ > vX'S' t ItlS L r /JN ^ < R^ $ tL^ C 

Coo 7 7] c(D<t ^(0/t^;uT^— i^:?3^ar0Kcoa^lf* 

Co O 7 8] ^1 ^SlSl O 1 (Z*Jl>rSffiff35VBN 
hrwA*$:K^NS h^>i?x^ 2 o 5lc3E^i^ 
1^:L. PMh^>vX'S» 2 O 1 ^ScfcT^NM 
h^>vX^ 2 O 3 fcggtl^mSS^ I b t PSh^ 
2 O 2^3i:i;^NSh^>i^X^ 2 O 4 IzSStt^ 
«Sg^ I ai:-r*o 

CO O 7 9] m2^S&ei O 2f-fct>r^mBE35VBN 
A<>r— h(wA^$:K^>NMh^>vX^ 2 1 OfcSS;^^ 
^«g£^l2i:L, Pah^>v;^5' 2 0 6fe<fci;NS 
h^>i?x^2 0 8f::aa*t<bfll35^ I di:L. PSh^ 
2 O 7fc<*:t;:Na h^>i?X^ 2 O 9 rcSS;^^ 

C0 0 8 0] ■ A:^«ffi>tti*«E(Dfll^ 

mmatisi OK*. I a> I b tJtty. /K-ohAO) 
mmtTt<^). PS h^>t^x^ 2 1 1 /)^;i->-r>5:^rRi 

C o O 8 1 1 m 2 ^81® T o 2 I c > I d 

>tfy. ;K-r>hB<omiitt±A<y. psh^>i>x^2 
1 2A^?^:7■r**lS|<t^^:y. ;K-i'>hca>fi(ar*TA< 

ta>fzity. nS h^>vx^ 2 1 4l*?^3'-r'&:^rpl 
±8EPSh^>vA5r 2 1 ii>Mb(DmffiA<^a)^^il3:^ 
[0 0 8 2] ^m3£35^ LTtDNS h^>v:^^ 

Coo 8 3] • A*mffi<ai^mff(Dii^ 

Ig1 O 1 tt. I a< I b^3tfy, tK^VHAO) 
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C0084] ^2lSaSl 02tt. Ic<ldi: 

ti.^). 7hV>hBa)«&ttT6^y, PSK^>vX^2 

-So tOtzib. NS h^>v>X^ 2 1 4fC3SE;h.^>m35A^ 

attTA^^o -^-coe*. A*BE=a3:^«E(DttSlfctt 

Coo 8 5] • A*SE = ai;timE(D«^ 

m 1 ^WiS: 1 o 1(*. I a = I b tU^fzlb. SSt^SI 
10 tu^. 

coo 8 6] --fS. %2^mn.l 0 2tt. i^LfcJ:^ 
(Z. te(DPa h^>v?A^. NS h^>V>X^|C^tL 
T. Pah^>i>A^2 0 6<DL#t^ffim^$::^^'<. 
NSH^>i?X^ 2 O 9<DL^t>iI«ff^/h$<ni:'5»J; 

I c> I dCD<i:^»C3i-:7'b'y hmaE^I#o/c1*al<t 
^i:oTl^^»o ta>fzih. ^K-f > hB<Dmfi(*SL^=KSIt 
?d:oTl>^(DT'. PS h^^v^I^^i 2 1 2f*:t37(D^rSl 

20 ^>vx^ 2 1 4 t;i-7<D*fnifcifiiA^o/c^*T*^'5)o 
COO 8 7] Lfcjb^oT. ffi^mEtt. PSh^>vX 
^2 1 1 <t. ^mS535<t Lrffi)L^rl^^NSh^>vX 

^2 1 5<b^^1^ur35:h.'6. ^S35rcr^^$tt^o ^ 

PS 2 1 1 tNS h^>vX^ 2 1 

Co 0 8 8] CCD^fc^rc. :*:3^jB6J^®'eii. tl3:^(Dmff 

^jiif'&tzii, psh^>vx^2 1 1 ^tn-Lro^mas 
«Evd dA^t>©m3S«i&^fTUv — ai*a>«ff^ 

Trf-SlCl*. NSh^>-:;A^2 1 4$^LT<7)|Sife« 

30 KG ND^COm3£?l^i^«i9^rci: yfroTt^^o 

COO 8 9] LfcA^or. -rr'tc5&-<fc«fc^r::. PSh 
^>i/X^ 2 1 1 |3J:1/^NS h^V-^A^ 2 1 AtOWM 

Rfi) fi6*^s;ir)ri3< c<tfr. ^p&6<j^f <nf^o ^fc^ 
nr t >r *i a» iccsb-r set <*: ^ lo^f ^) „ 

C0 0 9 0] ^/c. A^mE = tli:tFmffCD<t ^(cf*. P 
Sh^>v?X^2 1 1 6^■b3^:♦^>&m3^(*. NSh^>v? 
X^2 1 SfCcfcy. 3TSa5^m3^UA^3£tt3i^:t^J:^<C?i^ 

40 ort>«»« -r^tet?**. s^ttsi (A*mBE=as*«E) 

^>i^X^ 2 1 SfZj: y«^^tt>6. ^Lr. CCONS 
mfflSVBNCOmBEiil^Tt-f-C, m3Sfil^/h$= < LT 

C009 1] cfcoT, Slc3^*^rt^^>s«g^^il^/^$ < 
50 }\^^-^>z?ii-ur^^<DV^mftm.Mtt'^i^^% (is 
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IS) ftt^mtL^-^^ztt^v^^^ 

Coo 9 2] 35:fc\ -iSfc. MbS<OA*ffl(Dh^>i? 
X -SI <DS*jg^<D o ^-C h ^ > V X ^ l^tt f- t> o ^ 

mt^^) tm^'r^t<. *J8@(ctJi+^ r:j-37-bt/h« 

[0 0 9 3] 4:a^]%]^«Sr'»:. «3S(0S[ttlfl!l (%3Sfir£iS 
r-f*. I a = I b tJij:^(D(*A:^«ff=it3*maE 
(Ot^X'^iit^. S3£^5l#>it?fi9 («35?l^ii^ap 
§9). T*(*, ^n<fcy4,as*«ffi<±SB^:7i2-^ hSE^- 
t£lt^#<^Cofci:*fc«|«)T I c=l dit^So ta> 

:y^y:^^2^ 1) 6<H-5i'^f:i-:7ttSlrc^>:oTA^^. -tgB 

>v^X^2 1 4) t^-ti^U^^HtBizUi^. CtLfciio 

>5 <*: 9 ai *mff©Hi^#« L t Net ^ L r t ^^ o 

[0094] mm<omm 2 d :^%^(ofi!aa>i^£fi(0)&ii 

[0095] msit. PS h^>i>X^-t?SISfi®(DA* 
H4»» 3 o 1 i:3 o 2 <t<0 2o©|&atiS:^^Oo 

[ o o 9 6 ] m 1 ^wiSL i^\^^^mmmsL) a o 1 
tt. V— xA^mas (vdd) fco/jri^y. >r— /< 

BPfC03iA<^iPMh^>i?X^4 0 5i:. Pah^> 
4 O 5 © KU-< >^«-^ V— XA<0^j:A<^ PS h 
^ >e^X^ 4 O 3 <h 4 O 4 <t y A;b«^<t LTCD^iD 

PS h^>i>X^ 4 O 3 <t 4 O 4(D KU-T >fZ|gttL. 

fcm^L/cNS h^>*:^X^ 4 O 1 «t4 0 2tlC<fey* 

[0097] ^«lA*lHlK(0Pah^>v?X^4O3a) 

<f— hfi<A^b y. PSh^>*:;x^ 4 O 4(D^— 

hli, A:^a3b<y-hA^<b^f^>PMh^>v?x^ 
4 O 4(D K^-<'>'vJg|S$ttrL^'5)o 
[GO 9 8] m2^S6& (fifeaifllllSS) 3 0 2«i. V 
— X3b<m35 (Vdd) (ro/d:6<y. /nVTX 
*^IhIK (S^-frf*) A^ibaJ:^?n'6S«ffi5VBPrc 
o^?3&<SpM h^^v^X^ 4 1 Oi:. PSh^>*:>X^ 
4 1 0(D KU ^>57V—XA<0?:fA< PS h^>v^ 

x-ji 4 o 8 1 4 o 9 trc<fey A:tj®<i: Lr<o^sfiA:ti[sl 
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K$««UTl^-So ^fc. «--«7(DKU-<>^Jb8aPSh 
^>e;x^i40 8t40 9(DKU-i'>fc|f|S|L. 'S->!7<0 

h ^ >vX^ 4 O 6 <t 4 O 7 ^ fCcfc y * U> h S ^— IeJ 

[0099} iiaA*i0Ka>PMf'^,>-:>x5' 4 o 8(0 

h6^A*b <t^i:y. PS h^>vX^ 4 O 9(D^*— 

^-htt, A*b6<^— hAAirJte'SPSh^Ve^X^ 
10 4 O 8© KU-<>^g5«$*tTt>^>o 

[0100) mi IIS!l©3 O 1 <DXtibt<^—hizXt} 
$tL^PSh^>i?X^4 0 3<DKU-r>4t. NSh^ 
>$;x^40 1<DKlx-f>t. «35?l#ii^«a^ LT© 
NSh^>i?X^4 1 1 0)^— hA<Sl^fcOJti:3&<ori3 
y. NS h^>i>X^ 4 1 1 a>V— X{±GND(COni:A< 

y. Ku-r >ttai^fco7:#:A^orL>^>o 

tOI O 1] m2|g«ie3 O 2<ZjA*a36<>f— hfCA* 
^tt^PM h^>t>X^ 4 O 9CD KU-<><t. NSh^ 
>v?X^ 4 O 7(7) KU-rv**:. NSh^>v?X^412 
20 a>^— hA<StM::o^j:6^orfcy. NSh^>v>x^4 
1 2(r)V— XI*GNDfC03tfA<y. KU-<>ttPSh^ 

4 1 3(0^— hfc<kt^ KK>. fccfctj^. msa 

j&ttifflli: LTOPS K^>v?X^ 4 1 A(0^— hfco?^? 
A^oTL^-So PS h^>v>X^ 4 1 3. 4 14(0V— X 
(4«35 (Vdd) fcOiSAUJ, PSK^>i?X^4 14 

[01 02] ^/c. H9ai(DsmE35VBPA^ 

y-hfco3^d:A<^i:i:^fcv-XA<«S (Vdd) t^ip 
S«35#t*&»<tLT<DPSh^>vX^4 1 5(DK 
30 U-<>i5<o^£6<orL>'5o 

[01 03] A*aA<J3*4aA:tFdffi^-efey. A^bA^JE 

ftA^aig^^tJtf^io 

[01 0 4] g|3(Dgl%^. ffi^^A^alC^S^-^. 

A:^b^A*<*:L-C. 7K^l.i^-v3?;t-DTlElK<t Urfig 
ffiLtcB$(0{5]%{4. m2(O^Oiztsi 

[01 0 5] XtimS.tthtim^tt< 
t«iy^oycttag (^^tt^) r'C0Kiim3S-r^d:t?SNS 
h^>i?X5»4 1 1 <tPSh^>vX^4 1 4<t^®i: 
40 r35*L«>. maRi:GND tCOfSKomsS^RfrCfc*). m2 
IIS1S3 O 2fc;j-^42--; hi:^fc-y:rJ3<o m^it. N 
S h^Vv^x-S* 4 O 7(0^v^;^^^S^^<-r'^)6^. 
^;U:&^:S< L. PS h^>vX5' 4 O 8a)^V:^JH?i 

[0106] CttfCcky. NS h^>ixX^ 40 7(DL 
^ I ^fiimff (* ffe 0) N S h ^ > V? X ^ <»: ttg^ L T :^ ^ < S 
— PS h^>v?X^ 4 O SCDL^lNfiimE 

ttf&co P S h ^ >'^x ^ <t it<S L T/Jx $ < 89:^ $ ^ c 
50 [01 07] C<D<t^(D3t^;Ui^— i;3?;i-DT|sl^(D®ft 
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[0 10 8] lei 3l®S:3 o 1 rc^5i>r^mEa5vBP 

Sm32^ I 1 i L. N^h^>vX^ 4 O 1 ^«fci;PM 
h-^>e?X^4 0 3lcg5tt^»«35^ I atL. N^H^ 

>t?x^ 4 o 2j3<fci^pa 4 o 4rcgiEn>5 

[O 1 0 9] m2^ae:3 0 2^C^^L^T^SE3SVBP 

hrnA*^tt^pMh^>*:^x^4 1 ofcssns 

S«35^l2<tL. NSh^^i^X^' 4 O 6*SJ:i;Pa 
h^>vX^ 4 O SfCaStt^mSS^ I c <t L. NMh^ 
4 O 7 ^3<fcU^PS h^Vv^^'^' 4 O OfCSStt-S 

[Olio] • xtimm<^tim&<Di%^ 

mimi)&3 0 1tt, I a> I b^Tt^y. 7fvV>hACD 

«(att-hA<y. NSh^>i>x^4i 1 35<;t->-r**iai 

[Ollll-:^. m2||S&S3 0 2tt. Ic>ld^ 

/cfy. 7K>r> hB(om(ittTA^y. NMh^>i^x>si4 
-So "tofzib. pah^>i>:^^4 1 4(*7»-:7-r«»^r^ 

J::IBNSF-^>i?X5i4 1 1 fc<fc y ai*<DSE*<**) t» 
[0 112] ^«3E35^LTa>PMh7>i?X^ 
[0 113] • A*mE>tli:^«ff(Oii^ 

mmassoitt. i a< i b i:>:j:y. 7K>r>hA(7> 
«fi(*TA<y. Nah^>^>x^4 1 1 A<7i-:7r^>*F^ 

[O 1 1 4] -:^r. m2lia«3 O 2{*. \c<\dt 
U^). ;K-f.>hB(7)miitt±A<y. NSh^>e?X5i4 
1 2 6<3f>-r'5>:»ra<t^i:y, ;hV>hC<Z)«attTA« 
>5o "tcyfz^. PS h^>vx^ 4 1 4tc3StL^m35A< 

[O 1 1 5] • A:^3mff=a3*«E<Oii^ 
mi^S&©3 0 1l*. I a= I b^>tfSfc*). 

[o 1 1 6] -^3. m2^ae3 0 2tt, jii^Lfc^fe^ 

T. PSh^>i>X^408a)U^l>ME^/h^<. 
NIB h^>i/X^ 4 O 7<DL^L^fiimEE^:^^<'tf^>cfc 

I c> I dCD*^^!^;*-:?-^-/ 
?tf-:>Tl^^o "tOtzib. 7K-r> hB(7)m(^f*^5t^ttS<t 

>a:ort^^<D-e. ras h^>':xX5i4 1 2ti;:i-:7a):^fsi 
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^c|fi|A^oTl^-5« Lfc*«o-C. -tSiLfc.*: ^fc. PS h 

[0 117] UfcA^oT. ai^mEtt. NSh^>vX 
^4 1 1 <!:. Sm3535i:Urffilll>rt>^PMh^>vX 

^4 1 sti^itLx^tih. mn^tzx^m^tii^. ^ 

oT. NM K^>i^:^^ 4 1 1 <t Pia h^>vX5» 4 1 
4 L T (DHSmSS ^K^ih-r -5) - A<T' ^ ^ o 
[0 118] C(DJ:^fC. :*:^Jfeff^®'e(*. ffi^toma 
^ilf^lcl*, PSh^>vX5'4 1 4$^Lr(D«35 

10 mEEvd d A^t>^7)m3^#t^&^^TLv — mti<Dnm^ 

BEG ND^(Dm355l#i^<i^l:^J; y fTO-CL>^>o 

[0 1 1 9) LfcM-^r. -r-efci^^fcji^fc. psk 

^>-xX^ 4 1 4*5<ttJ^NS h^>vX^ 4 1 1 (OmWl 

ttr l^T =t a$?fcEst)-r ^ c <t A<-e ^ ^» ct ^ fcJtt >5 o 

[0 1 2 0] ^/c. A*m£E=as*«BEa)<t$^fctt. N 
20 m h^V^Z^X^t 4 1 1 PS 

>*:;x^4 1 5lwJ:y. 3f5£a)3E«35LA>an3tfLx<fc^ 

Sh^>i>x^4 1 5fc<fcy«s^?4^^»• ^ur, c<o 
y. ^mK3SvBP(DmEEfii^Jiifr. «3£fiE^/h$< 

'So 

30 [O 1 2 1] ctoT. '^<C3Sttrt>^Sm3gfil^/J>$< 
2oa)««iS:R5lfC3i-:7-b--; h«Et&l*fc-«i:^)Ci:-c. tK 

[o 1 2 2] m^^fi^i&c^ti (mm, 

my T'ti. ^ttcfcy4*itS:^imE6^-t8B5i-::?-t-y hBE^i- 
f£it/h$<^fofci^icfi)«>r I c=i dtu^^ toy 

40 ai*«E©«*Dfc>fLT. B35»asfi5 (PSh^ 

>v?X^4 1 4) t<-^6i-U:i-Zfi^miztsir>Xt^i^. ±E 

>*:>X^4 1 1) A<+^3^^t>*->«SSlcnf*„ ZtiizX-D 
[Ol 2 3] Cl^fig<Dff^S3D ;*:^^<D$f,fC-ftfe(0|gSg 

50 l^-<Di^^^f^8BLr^C0Stt^t^^iB&-r*o 
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[o 1 2 4] :^^^tz^^7^jv^-i>y^a7m^^m 

Co 1 2 5] ^-r. S4(C, T^i^-f 

[0 1 2 6] CCD?«S^^SIffitt. ^ftSgS^aP^Ctt^ 

[0 1 2 7] ;^se®iSliStt> ^;K^tLi c (in 

tesrated Circuit) Jb^-b^ii:^ V— X K^-f/^e O 2. >f 
M06O 5$«S:^rt>^» iSaS9btt3Sl6 0 5(^. V 

[O 1 2 8] =I> hP— ^6 O 4(*. V— X K^-^/^e 

[0129] V— X K^-r/<6 O 2^(D^^i:ttffll{g-^ 

o 3-xa>±3S:ttfflliS-^i*. h K 

Co 1 3 0] n8PA^^A*i$ttfcTv^;ufS^7'-'5' 

Co 1 3 1 ] 05fC^ V— X K^-</<6 O 2C0|5l%:^D 
-y^CD— W^^-To V — X K^-f /<6 O 2(±. Ati^v 
^SK7 O 1 /I^C,A*$4^fc^=^?5^;^**i?— -^D (D 
DG. DB) x^— h/^;ux<s-%s Pfccfcl^^:? 
a'y^iS-^CKfr:m':y^rtS?<7)*>:7 hUvx^lslK? o 
2-eeiilL. -tf^z^u^^^^usKTos-e^^Sl-c 

^704-e. zn^ha — ^e o 4t^h>Xti^tiii^7r:m 

;i.v/3?^l5lK7 o 5-ee-^$u-<;u^»-r^o 33?t>-e, 
DA (T-:>^JUT:^D<^) IEg|BK7 0 6fcT, l^mm 

r. ^li*EIK7 0 7<D;'aSffiS!)«ff^i^*SS^7 0 8i^ 
lb. ;'aa/<*;U6 O 1 <D®^<7>V— X^-f >iciij^-r 

coi 3 2] 06 fc. mmm&§^±iB^y o 9(o^^m 
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f&m^i^ro S^«ff*^0K7O9tt, *^^^(tL 

mmmi 1 oi:, «^>e-'$r>xSE^!oi%7 l i tt^ 
Co 13 3] "Tiy^Ji^^TFin^—^ (R. G. B) 

o^y 6 4«S(Z)r:f-D^«ff65ifi^^^?^d:^o 

C0 1 3 4] ^m^s9i5iK7 1 otzit. m^mw^mme 

10 0 5i^^b. vo ,t V6 4 i:(Dm35•^'<>A^A*^;t^T^^ 

8' . — . V5 6* . V6 4' m<o^'pmm^s,^{:itt 
ur. «>r>e— 5r>xiEiftBK7 1 itur. 

(03lC;U7^— v:7 3rPTBK (B2(D«fifc) A^^ffl5?ttr 
CO 1 3 5] ^Lr. iS^>e— 5f>X|Ej|iIslK7 1 1 

^^tKm^itmmitLxum ur. vo' . vi • . 

V2' . V62' . V63' . V64* (D^Efil^ 

20 ±mLX. DA|Eii0K7O6fcA*L-Ct^«»« 

Coi 3 6] cc-e. m^^<^ji^(ommit^Mf^Mmx 
fey. PgB3^7i^^fT^/c<!r)rcf*^(DSj£Es^#s^?Em 

Co 1 3 7] j-ascs&s^sii. t(Di&m^nti\^ 

i>^tt<X'^i^ 
Co 1 3 8] ^fc. CCT'tt. S^«ff^^lsIK7 O 9 

fflLfc0«JfCOL>rHE^frA<. V — X K^'</'v6 O 2 (DiiJ 

:ti0K7 o 7(:;fiEflaLr^cfetN„ ^fc. m^mmmme 

o 5(om:h/<vz^7^Wzm'oX^J^i^^ 
40 Co 1 3 9] **5§(D7f?;UT^— i?:7;j-aTEIKtt. ft^ 
6<^si±r'feysS'tf^jfe«^fT^!fi^MA<fe'&-:^. (g 
>^fim^^b^«M^:r^^$tl^«><>^f-5^'>xlt^@ 

Co 1 4 O] 

PTBKtt. mifia©<t. ±fzw^^^mmztil.x:t 
50 ^<7)ffi:bm3£^<ttctti:rm3£^^^«::a5^-r^m3£j» 
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[0 14 1] Cttfcjzy. a3*«EA^A:^mffcfcy t'h 
$ U ^ia^ Id cfc i;:*; ^ t t ^-r tt(D*a^ t NT t . 

t£ ^ -5 C 1 6<T' ^ * t > ^ S!l « ^ # -r ^» c 

{±. JiE(D^RSfciD;^X. -tEmi3ll6Si:m2 2li&® 

[0 1 4 33 c*tfcj:y. ^ytfif^^cm-e. misa 
®^«2liaiS:^a)Bgfc::j-:7-b'y h«E^1*fc-fr>5C<t 

loi 4 4] *««0>;K;u7^-5^:7:*-DrEIK 

J:teiE«A*aai^^fcH:a*«A*Sg^a>'><t < t 

[0 14 5] ;i;Krcj:y. «*: yfm^^Ui^fi^T. mm®) 
S^^2Sa©<t(0FBltc?|-:7ir'y hmH^I^/c-fr^> c <t 

.feyfH5^>:f«fi£T% ^m2i£^is&fiPfcj>t>T[EiK^s<s 

CO 14 7) cnf::<fcy, ^«ttaSlc^>l+«>m3a(D35:h. 

i>f?hmtzm^x. iEiK<Di«fi£-^^tt^<feyfi5^<t-r^>c 

[0 14 8] ^fc. *f^5Bco;^;u^— i?:7:*-DT@K 
JtiECDmEgfc*p^T. -tlHA:^mff<t±Ka3:^mBE 

tt<KiMzmU'oxi^i>mmmmizf^i^x. ±Eaj:tim 
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a&f^L, ji8at±j:^Dmff6<±:ffiA^mffcfey:^^i^ii^ 
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